AD-A142  124 


DEVELOPMENT  OF  A  MICROPROCESSOR  BASED  AUDIOMETER  FOR 
THRESHOLD  SHIFT  STUDIES(U)  ARMV  AEROMEDICAL  RESEARCH 
LAB  FORT  RUCKER  AL  B  T  MOZO  ET  AL.  MAR  84  USAARL-84-7 

F/G  6/16 


1/1 


UNCLASSIFIED 


NL 


MICROCOPY  RESOLUTION  TEST  CHART 

NATIONAL  tuRCAU  Of  STAN0AR05  -  >90  -  A 


USAARL  REPORT  NO.  84-7 


DEVELOPMENT  OF  A  MICROPROCESSOR  RASED 
AUDIOMETER  FOR  THRESHOLD  SHIFT  STUDIES 


By 

Ben  T.  Mozo 
James  H.  Patterson,  Jr. 

Ron  Marrow 
MAJ  William  R.  Nelson 
SFC  Ilia  M.  Lomba-Qautler 
8P5  Dennis  L.  Curd 

SENSORY  RESEARCH  DIVISION 


March  1984 

U  S.  ARMY  AEROMEDICAL  RESEARCH  LABORATORY 
FORT  RUCKER,  ALABAMA  36362 


NOTICE 


Qualified  Requesters 

Qualified  requesters  may  obtain  copies  from  the  Defense  Technical 
Information  Center,  Cameron  Station,  Alexandria,  Virginia,  22314.  Orders 
will  be  expedited  if  placed  through  the  librarian  or  other  person  designa¬ 
ted  to  request  documents  from  the  Defense  Technical  Information  Center. 

Change  of  Address 

Organizations  receiving  reports  from  the  US  Army  Aeromedical 
Research  Laboratory  on  automatic  mailing  lists  should  confirm  correct 
address  when  corresponding  about  laboratory  reports. 

Disposition 

Destroy  this  report  w hen  it  is  no  longer  needed.  Do  not  return  it 
to  the  originator. 

Disclaimer 


The  views,  opinions,  and/or  findings  contained  in  this  report  are 
those  of  the  authors  and  should  not  be  construed  as  an  official  Department 
of  the  Army  position,  policy,  or  decision,  unless  so  designated  by  other 
official  documentation.  Citation  of  trade  names  in  this  report  does  not 
constitute  an  official  Department  of  the  Army  endorsement  or  approval  of 
the  use  of  such  commercial  items. 

Human  Use 


Human  subjects  participated  in  these  studies  after  giving  free  and 
informed  voluntary  consent.  Investigators  adhered  to  AR  70-25  and 
USAMRDC  Reg  70-25  on  Use  of  Volunteers  in  Research. 


Reviewed: 


/T 


, !  ^ 

BRUCE  C.  LEIBRECHT,  Ph.D\ 

MAJ,  MS 

Director,  Sensory  Research  Division 


' 


f 


Chairman,  Scientific  Review 


Commi ttee 


Released  for  Publication: 


Commanding 


v 


UNCLASSIFIED 


SECURITY  CLASSIFICATION  OF  THIS  PAGE  (Whan  Data  Entered) 


REPORT  DOCUMENTATION  PAGE 

ri:ad  instructions 

UEKORE  COMPLETING  EORM 

3.  RECIPIENT'S  CATALOG  NUMBER 

n  y _ 

4  TITLE  (and  Subtitle) 

Development  of  a  Microprocessor  Based  Audiometer 

For  Threshold  Shift  Studies 

5.  TYPE  OF  REPORT  &  PERIOD  COVER F D 

6.  PERFORMING  ORG.  REPORT  NUMBER 

7.  AUTHORfaJ 

Ben  T.  Mozo,  James  H.  Patterson,  Jr.,  Ron  Marrow, 
MAJ  William  R.  Nelson,  SFC  Ilia  M.  Lomba-Gautier, 
and  SP5  Dennis  L.  Curd 

8.  CONTRACT  OR  GRANT  NUMBER^) 

9.  PERFORMING  ORGANIZATION  NAME  AND  ADDRESS 

Sensory  Research  Division 

US  Army  Aeromedical  Research  Laboratory 

Fort  Rucker,  AL  36362 

10.  PROGRAM  ELEMENT.  PROJ  ECT.  TASK 
AREA  &  WORK  UNIT  NUMBERS 

DA  Project  3E162777A878  AA 

136 

II  CONTROLLING  OFFICE  NAME  AND  ADDRESS 

US  Army  Medical  Research  and  Development  Cormand 
Fort  Detrick 

Frederick,  MD  21701 

12.  REPORT  DATE 

March  1984 

13.  NUMBER  OF  PAGES 

21 

14  MONITORING  AGENCY  NAME  ft  ADDRESS^/!  dlfterant  from  Controlline  Otttce) 

15.  SECURITY  CLASS,  (of  this  report) 

Unclassified 

15a.  DECLASSI  F|  CATION /DOWN  GRADING 
SCHEDULE 

16.  DISTRIBUTION  STATEMENT  (ol  thlm  Report) 

Approved  for  public  release;  distribution  unlimited 

17.  DISTRIBUTION  STATEMENT  (of  the  mb  Hr  act  entered  In  Block  20,  If  different  from  Report) 

IB.  SUPPLEMENTARY  NOTES 

19  KEY  WORDS  (Continue  on  reveree  aide  It  neceeemry  and  Identity  by  block  number) 

Acoustics 

Audiometry 

Hearing 

Threshold  Shifts 

Microprocessor 

20.  ABSTRACT  (XTantfnue  an  revere*  afdW  If  neceeeary  mad  Identify  by  block  number) 

See  reverse. 

00  t  JaTw  M73  EDITION  OF  I  NOV  65  IS  OBSOLETE  UNCLASSIFIED 


SECURITY  CLASSIFICATION  OF  THIS  PAGE  (Whan  Data  Entered) 


security  CLASSIFICATION  OF  THIS  PAGEflWin  P*i«  E nnwdj 


i 

I 

I 

I 


I 

i 

i 


20.  ABSTRACT.  AIn  order  to  permit  the  collection  of  data  on  hearing  threshold 
shift  resulting  from  firing  Army  weapons,  a  multichannel  microprocessor-con¬ 
trolled  audiometer  was  developed.  The  system  features  four  synchronized  channels 
for  determining  hearing  thresholds  by  a  fixed  frequency,  fix  test-time  Von 
Bekesy  tracking  method.  Nonstandard,  noise  excluding  headsets  were  developed  as 
part  of  the  system.  Biological  calibration  of  the  system  was  accomplished  by 
comparison  to  a  clinical  audiometer  and  a  validation  test  was  completed  to 
demonstrate  system  accuracy  and  reliability.  The  results  indicate  the  system  is 
as  accurate  as,  and  more  reliable  than,  the  clinical  audiometer. 


UNCLASSIFIED 


SECURITY  CLASSIFICATION  OF  This  PAGEWhtn  Data  Hntarad) 

I 


1 


I 


ACKNOWLEDGEMENTS 


The  authors  would  like  to  express  appreciation  to  Mr.  Keith  Zienert  for 
assistance  in  the  construction  of  the  microprocessor  audiometer,  Ms.  Linda 
Barlow  for  data  analysis  and  collation,  and  Ms.  Phyllis  Burns  for  assistance 
in  the  preparation  of  the  final  report. 


Accession  For 

ntt  s  rrv.fc  i 

DTI'’  7\:' 

Unannounced  □ 

Jar.  t  iricavi  on. - 


By _ 

Distribution/ 

Availability  Codes 
A%aii  and/or 


TABLE  OF  CONTENTS 


F 

List  of  Figures . 

List  of  Tables  .  .  . 

Introduction  . 

Methods  and  Materials . 

Results  and  Discussion  . 

References  . 

Appendix 

A.  List  of  Equipment  Manufacturers . 


LIST  OF  FIGURES 


FIGURE  NO.  PAGE  NO. 

1  Block  Diagram  of  Multichannel, 

Microprocessor  Controlled  Audiometer 

(MCA) .  4 

2  Photograph  of  Microprocessor  Controlled 

Audiometer  System .  6 

3  Components  of  the  Audiometric 

Headsets  .  8 

4  Assembled  Audiometric  Headset .  9 


LIST  OF  TABLES 


TABLE  NO.  PAGE  NO. 

1  Ambient  Noise  Octave  Band  Levels  (dB  SPL) 

in  Three  Audiometric  Rooms  used  for 

Biological  Calibration  of  MCA  Headphones  .  10 

2  Sound  Pressure  Level  in  dB  SPL  at  0  dB  HTL 

for  Four  Channels  of  the  USAARL  Microprocessor 
Controlled  Audiometer  (MCA) .  11 


3  Mean  and  Standard  Deviation  of  Hearing 

Thresholds  in  dB  HTL  Determined  Using  a 
Grason-Stadler  1701  Audiometer  and  the 
USAARL  Microprocessor  Controlled  Audio¬ 
meter  (MCA) .  13 

4  Standard  Deviations  and  Range  of  Hearing 

Thresholds  in  dB  HTL  for  Seven  Listeners 

Determined  Using  a  Grason-Stadler  1701 

and  the  USAARL  Microprocessor  Controlled 

Audiometer  (MCA)  (Page  1) .  14 

4  Standard  Deviations  and  Range  of  Hearing 
Thresholds  in  dB  HTL  for  Seven  Listeners 
Determined  Using  a  Grason-Stadler  1701 
and  the  USAARL  Microprocessor  Controlled 
Audiometer  (MCA)  (Page  2) .  15 


2 


INTRODUCTION 


In  preparation  for  the  field  study  to  determine  the  adequacy  of  hearing 
protection  for  use  with  the  M198,  155mm  howitzer,  a  specia1  purpose,  multi¬ 
channel  audiometer  was  developed.  The  development  of  the  audiometer  was 
initiated  in  December  1976  in  preparation  for  a  "quick  fix"  for  the  Ml 93 
blast  overpressure  problem.  Between  1976  and  1930,  there  were  numerous  de¬ 
lays  in  executing  the  "quick  fix."  During  this  time,  the  original  audiometer 
was  constructed  and  the  system  underwent  several  modifications  which  altered 
its  final  capabilities.  This  report  documents  the  development  of  the  audio¬ 
meter  and  its  calibration. 

The  design  characteristics  of  the  special  purpose  audiometer  were 
determined  primarily  by  the  operational  requirement  tc  measure  auditory 
thresholds  (audiograms)  before  and  after  exposure  to  weapons  noise  in  a 
field  setting.  These  audiograms  had  to  be  determined  quickly,  accurately, 
and  reliably  with  minimally  trained  volunteers. 

A  modified  Von  Bekesy  tracking  procedure  (Von  Bekesy,  1947)  was  selected 
for  this  purpose.  The  procedure  was  based  on  testing  discrete  frequencies 
for  a  fixed  length  of  time.  This  would  permit  the  calculation  of  time  between 
the  noise  exposure  and  the  testing  of  each  frequency.  The  system  had  to  have 
a  wide  dynamic  range  to  be  capable  of  determining  thresholds  which  were  20  to 
30  dB  better  than  normal  and  thresholds  which  were  temporarily  elevated  well 
above  normal.  The  original  design  requirement  for  six  people  to  be  tested 
simultaneously  was  later  reduced  to  four  people.  In  addition,  noise  excluding 
headphones  were  required  to  permit  audiometric  testing  under  adverse  environ¬ 
mental  noise  conditions. 

With  these  design  characteristics  established,  a  search  for  a  ccmmercially 
available  unit  was  undertaken.  None  could  be  found  which  met  all  requirements. 
In-house  development  then  was  initiated  utilizing  available  audio  components  to 
the  maximum  extent  possible.  The  requirement  for  six  channels,  fixed  time  of 
testing  each  frequency,  and  use  by  minimally-trained  individuals  suggested 
that  a  microprocessor  control  system  with  digitally  controlled  attenuators 
and  data  collection  capability  would  be  most  suitable.  This  also  established 
the  possibility  of  automatic  data  transfers  to  desk  top  calculators  for  rapid 
data  analysis.  This  latter  capability  was  added  after  the  initial  system 
fabrication.  No  satisfactory  noise-excluding  headphones  could  be  identified 
which  would  yield  acceptable  noise  reduction  at  the  subject's  ear.  Therefore, 
standard  audiometric  headphones  were  mounted  in  good  hearing  protective  ear- 
muffs  to  meet  this  requirement. 

An  attempt  was  made  during  the  development  process  to  maintain  maximum 
flexibility  of  the  microprocessor  control  over  the  hardware  components  of  the 
system.  This  flexibility  was  accomplished  by  insuring  the  system's  ability 
to  be  modified  by  changing  software.  Various  audiometric  and  analysis 
procedures  could  be  implemented  without  a  requirement  for  direct  engineering 
support. 
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Once  the  system  was  fabricated,  it  was  subjected  to  a  series  of  comparison 
tests  in  the  laboratory  and  in  the  USAARL  Mobile  Audiometric  Test  Trailer  to 
determine  its  performance  as  compared  to  a  high  quality  clinical  audiometer. 
Since  the  headphones  could  not  be  calibrated  by  standard  methods  (due  to  the 
nonstandard  mounting),  a  biological  calibration  factor  was  developed  and  vali¬ 
dated  by  these  comparison  tests. 

METHODS  AND  MATERIALS 

A  block  diagram  of  the  multichannel  microprocessor  controlled  audiometer 
is  shown  in  Figure  1.  The  system  is  comprised  of  two  parts;  (1)  stimulus 
generation,  and  (2)  control  and  data  processing.  Each  channel  of  the  audio¬ 
meter  includes  a  programmable  attenuator,  step  attenuator,  1-watt  power 
amplifier,  earphones,  and  response  switch.  These  items  are  shown  on  the 
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block  diagram  for  a  single  channel  The  remainder  of  the  conponen '.s  a*'e 
conmon  to  all  channels.  The  system  utilizes  a  hex  keyboard  for  i;he  operator 
to  enter  data  or  control  the  audiometer.  The  audiometer  is  designed  for 
6-channel  operation;  however,  the  USAARL  mobile  audiometr'ic  trailer  limits 
the  system  to  four  channels. 

The  frequency  synthesizer  is  controlled  by  the  microprocessor  to  produce 
the  stimuli  for  the  audiometer.  The  frequency,  order  of  frequency,  and 
number  of  frequencies  are  stored  in  memory  and  may  be  modified.  The 
frequencies  presently  used  range  from  500  Hz  to  8  kHz  with  a  presentation 
order  of  2K,  4K,  6K,  3K,  8K,  2K,  IK,  and  500  Hz.  The  test  signal  produced 
by  the  synthesizer  is  input  to  the  electronic  switch  where  it  is  pulsed  with 
a  microprocessor-controlled  period  of  350  ms.  The  electronic  switch  is 
adjusted  to  provide  a  25  ms  rise  and  fall  time  gate  on  the  stimuli  to 
eliminate  audible  clicks.  The  output  of  the  electronic  switch  is  input  to 
the  programmable  attenuator  of  each  channel. 

Each  programmable  attenuator  is  capable  of  controlling  the  stimulus  level 
over  a  range  of  128  dB  in  0.5  dB  increments.  An  increment  of  2  dB  was  con¬ 
sidered  adequate  for  the  threshold  determination  accuracy  required  for  weapons 
field  studies.  The  attenuator  is  a  binary  weighted  system  where  the  2r<  result 
is  the  attenuation  in  dB.  A  6-bit  up/down  counter,  with  the  stages  of  the 
counter  attached  to  corresponding  stages  of  the  attenuator,  is  used  to  control 
the  attenuator  setting.  The  up/down  control  of  the  counter  is  directly 
related  to  the  subject  response  switch.  If  the  subject  hears  the  tone 
and  presses  the  switch,  then  the  up/down  control  is  set  for  up  count  and 
when  the  clock  pulse  is  received  from  the  microprocessor  the  attenuator 
increases  its  attenuation  by  2  dB.  The  up/down  counter  may  be  preset  to  any 
value  by  the  microprocessor.  The  state  of  the  up/down  counter  is  capable 
of  being  read  by  the  microprocessor. 

After  output  from  the  programmable  attenuator,  the  signal  is  amplified 
by  the  1-watt  amplifier,  then  passes  through  the  10  ohm  step  attenuator  to 
the  Telephonies*  TDH-49  earphones  which  are  worn  by  the  test  subject.  The 
step  attenuator  may  be  adjusted  over  a  range  of  100  dB  in  5  dB  increments.  In 
this  application  the  step  attenuator  is  used  to  decrease  the  system  noise  level 
at  the  earphones,  and  also  to  provide  the  experimenter  with  a  means  of  checking 
listener  reliability.  Figure  2  shows  the  completely  assembled  audiometer  rack, 
mounted  and  ready  for  use. 

The  threshold  determination  procedure  uses  the  tracking  method  (Von 
Bekesy,  1947).  The  threshold  determination  for  a  particular  frequency  con¬ 
sists  of  four  segments.  The  first  segment  provides  the  listener  with  two 
pulses  of  the  stimulus  at  a  level  approximately  40  dB  above  hearing  threshold. 
This  alerts  the  listener  that  a  test  trial  is  beginning  and  provides  him  with 
a  cue  as  to  the  sound  of  the  stimulus.  The  second  segment  is  trie  beginning  of 


*See  Appendix  A 


the  threshold  tracking  task.  The  level  of  the  stimulus  he-;. in'.  i  j 

10  dB  Hearing  Threshold  Level  (HTL)  and  is  controlled  by  the  listener  ru.'-jgi; 
the  hand  switch.  This  segment  presents  16  tone  pulses  (approx irm re  1 ,  ■  (  sec) 
to  allow  the  listener  to  converge  to  his  threshold  before  data  are  collected. 
The  third  segment,  consisting  of  48  pulses  (16.8  sec),  involves  the 
collection  of  threshold  data.  Each  time  the  response  switch  state  mu  nut?" 
during  the  tracking  process  the  attenuator  value  is  read  ana  stored  by  the 
microprocessor.  The  fourth  segment  is  the  development  of  the  mean  attenuate r 
value  which  is  translated  into  HTL  and  printed.  This  process  is  completed 
for  all  frequencies  and  for  both  the  left  and  right  ea^s. 

Data  are  output  to  either  the  Datel*  printer  or  the  Hewlett-Packard* 

HP-85  computer.  If  the  printer  is  used,  prior  to  each  test  frequency  me 
subject's  identification  number,  the  date,  the  test  frequency,  and  me  -,mrt 
time  for  that  test  frequency  are  printed.  During  the  test  each  time  the  micro¬ 
processor  detects  a  change  of  state  for  the  subjects  response  switch,  the  value 
of  the  programmable  attenuator  (corrected  for  HTL)  is  printed.  After  the  test 
frequency  is  completed,  the  total  number  of  switch  state  changes  and  the  mean 
attenuator  value  (corrected  for  HTL)  are  printed.  If  the  HP-85  is  used,  the 
programmable  attenuator  value  at  switch  state  change  time  is  displayed  on  the 
CRT  at  the  end  of  the  test  frequency.  When  the  subject  has  completed  the 
entire  audiogram,  all  data  may  be  stored  on  cassette  tape  for  later  analysis. 

The  headsets  used  in  this  application  were  designed  and  built  using 
"off-the-shelf"  components  of  proven  quality  (Figure  3).  The  transducers 
were  matched  pairs  of  TDH-49  earphones  purchased  specifically  for  this 
project.  They  were  enclosed  in  earmuffs  obtained  through  the  federal  supply 
system  (National  Stock  Number  4240-00-759-3290).  Installation  of  the  ear¬ 
phones  was  accomplished  by  drilling  1/4"  holes  through  the  walls  of  the 
earcups.  Rubber  grorrmets  were  inserted  and  Bel  den*  8411  coaxial  cable  was 
passed  through  the  grommets  to  the  TDH-49  earphones.  The  opposite  enus  of 
the  cable  were  terminated  with  a  standard  stereo  phone  jack.  The  cables  were 
approximately  6  feet  long  to  allow  mobility  for  the  earphone  wearer. 

The  original  foam  material  from  inside  the  earcups  was  removed  anc  used 
as  a  pattern  to  cut  new  inserts  to  go  in  the  cups.  The  new  inserts  were  made 
from  3/4"  thick  open  cell  foam  polyester  with  a  specific  density  of  2.25  0.5 

lbs/cu  ft. 

The  earphones  were  centered  in  the  earcups  and  held  in  olace  with 
specially-built  retainers  made  of  Plexiglas.  The  retainers  were  backed 
with  a  very  thin  sheet  of  polyester  foam  to  prevent  direct  contact  with  the 
earphones.  The  earphones  and  retainers  were  covered  with  a  3/8"  sheet  of 
open  cell  polyester  foam.  The  original  ear  seals  were  used,  as  were  the 
suspension  systems  and  head  cushions. 

Right  and  left  earphones  were  connected  to  the  stereo  phone  jack  in 
a  predetermined  fashion  and  labeled  by  placing  tape  on  the  right  cup  tc 
ensure  that  the  subjects  always  placed  the  right  and  left  earphones  on  the 
correct  ear.  Figure  4  shows  the  assembled  headset  unit. 
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FIGURE  3.  Components  of  the  Audiometric  Headsets. 


Acoustic  calibration  of  the  headsets  was  accomplished  using  a  Bruel  and 
Kjaer  (B&K)*  type  4153  artificial  ear  fitted  with  a  flat  plate  adapter.  A 
B&K  type  4134  microphone  was  used  with  the  coupler  and  a  type  2619  preamplifier 
connected  to  a  model  227  multiplexer  amplifier.  The  sound  pressure  levels  were 
read  on  a  B&K  Model  2606  measuring  amplifier  with  external  filter  type  1618. 

The  measurement  system  was  calibrated  with  a  B&K  type  4220  piston  phone  prior 
to  the  calibration  of  the  headsets.  The  headphone  acoustic  calibration  was 
accomplished  by  setting  the  audiometer  to  provide  an  output  of  67.5  dB  SPL 
at  1000  Hz  measured  at  the  right  earphone.  The  output  at  all  test  frequencies 
was  measured  at  both  earphones  with  this  attenuator  setting  held  constant. 

Since  the  nonstandard  mountings  of  the  headphones  precluded  calibration 
by  standard  methods,  a  biological  calibration  was  performed.  This  was  done 
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FIGURE  4.  Assembled  Audiometric  Headset. 


in  two  phases.  First,  the  threshold  was  measured  on  a  group  of  four 
listeners  (Group  1)  using  a  Grason-Stadler*  1701  audiometer  and  the  new 
audiometer.  These  listeners  were  not  screened  for  normal  hearing  (some 
did  have  a  high  frequency  hearing  loss.)  The  GS-1701  audiometer  was  cali¬ 
brated  to  the  manufacturer's  specifications  in  accordance  with  American 
National  Standards  Institute  (ANSI)  S3. 6  (1969). 


Audiograms  were  repeated  five  times  for  each  listener  on  each  system.  The 
new  audiometer  thresholds  were  in  values  of  attenuation.  This  first  phase  was 


used  to  derive  a  conversion  table  whicn  was  incorporated  in  m 
program  to  convert  these  threshold  attenuation  values  to  estimates 
Threshold  Level  (HTL).  The  second  phase  of  biological  cal  ibv\u  n.-r 
the  comparison  of  HTLs  measured  on  the  Grason-Stad ! er  1701  a no  c 
meter.  This  comparison  was  accomplished  in  the  IJSAARL  mobile  1  ..m 
trailer. 


Ten  listeners  (Group  2)  produced  three  audiograms  each  on  each  audiometer 
These  listeners  were  selected  for  normal  hearing  in  accordance  with  ANSI  S3. 19 
(1974).  Three  of  these  listeners  produced  six  additional  audiograms  for  a 
total  of  nine  audiograms  on  each  audiometer,  fable  1  contains  tne  ar.c.ent 
noise  levels  in  the  laboratory  audiometric  room  and  in  the  mobile  audiometric 
facility  used  for  the  biological  calibrations. 


TABLE  1 

AMBIENT  NOISE  OCTAVE  BAND  LEVELS  (dB  SPL)  IN  THREE  AUDIOMETRIC  ROOMS 
USED  FOR  BIOLOGICAL  CALIBRATION  OF  MCA  HEADPHONES 


Octave  Band 
Center  in 


Mobile 


Mobi 1 e 


Laboratory 


31.5 

33  3i 

63 

26  31 

125 

21  1 

250 

14  i 

500 

5  ! 

IK 

5  ! 

2K 

6  ( 

4K 

6 

8K 

6  f 

16K 

14  ! 

RESULTS  AND  DISCUSSION 

Table  2  contains  the  estimated  Sound  Pressure  Levels  (SPL)  at  HTL  of  zero 
as  derived  from  the  initial  biological  calibration  and  the  flat  plate  calibra¬ 
tion.  For  comparison,  the  SPL  values  at  audiometric  zero  provided  by  Grason- 
Stadler  (1971)  are  included  also.  The  sound  pressure  levels  of  the  MCA  head¬ 
phones  agree  with  the  reference  levels  of  the  Grason-Stadler  1701  except  at 
8.0  kHz. 


PRESSURE  LEVEL  IN  dB  SPL  AT  0  dB  HTL  FOR  FOUR  CHANNELS  OF  THE 
USAARL  MICROPROCESSOR  CONTROLLED  AUDIOMETER  (MCA) 


Table  3  contains  a  summary  of  the  second  phase  of  biological  calibra¬ 
tion.  The  mean  and  standard  deviation  of  threshold  obtained  on  the  Grason- 
Stadler  1701  and  the  new  audiometer  are  shown  for  the  ten  Group  2  listeners 
tested  three  times  each.  These  results  give  an  indication  of  the  accuracy  of 
the  MCA  compared  to  the  standard  audiometer.  With  the  exception  of  6.0  kHz 
in  the  right  ear,  the  agreement  is  within  the  tolerances  specified  in  ANSI 
S3. 6  (1969). 

The  reliability  of  the  MCA  can  be  estimated  from  measures  of  variability 
of  the  individual  audiograms.  Because  of  individual  differences  in  threshold 
between  listeners,  the  results  of  the  nine  repeated  audiograms  on  the  three 
Group  2  listeners  and  the  five  repeated  audiograms  of  the  four  Group  1 
listeners  were  used  to  compute  standard  deviations  and  range  of  thresholds  for 
each  listener  on  each  audiometer.  These  results  are  presented  in  Table  4. 
These  standard  deviations  and  ranges  give  an  indication  of  the  relative 
reliability  of  the  two  audiometers.  As  can  be  seen,  for  most  listeners  at 
most  frequencies  there  is  little  difference  between  the  reliability  of  the 
two  audiometers.  However,  at  some  frequencies  (especially  the  higher  ones), 
the  MCA  is  clearly  more  reliable  than  the  clinical  audiometer.  This  is 
probably  a  result  of  the  difficulty  of  obtaining  a  consistent  earphone  place¬ 
ment  with  the  clinical  auidometer  and  standard  headphones.  The  superior 
reliability  of  the  MCA  system  is  particularly  important  for  threshold  shift 
studies  since  individual  audiograms  must  be  used  without  retesting  or 
averaging  to  improve  reliability. 
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TABLE  3 

STANDARD  DEVIATION  OF  HEARING  THRESHOLDS  IN  dB  HTL  DETERMINED  USING  A  GRASON-STADLER  1701 
AUDIOMETER  AND  THE  USAARL  MICROPROCESSOR  CONTROLLED  AUDIOMETER  (MCA)* 


I. p [  I  mm M. |.i grp '.*•  ’A'A ■.V^IV',^  '..--.-.yi '  vtt;-,v.vtv  "•;  '■  .' 
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